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ANALYSIS OF CONVENTIONAL AND REFLECTIVE BUTLER MATRICES

WITH IMPERFECT COMPONENTS

INTRODUCTION

A Butler matrix that forms a cluster of heams evenly distributed in the sin- space is
not usually symmetric with respect to a plane midway between the input and output
ports. However, by properly adjusting the phase shifts and interconnections one may
modify a conventional Butler matrix to be symmetric. Such a matrix may also be folded
on itself on the line of symmetry, so that the input and output ports are identical. Such a
network not only reduces the number of components required; it also becomes a
reflection-type system in which the feed positions are in the plane of the aperture. The
synthesis of this network was described previously [1,2] . In this report, we analyze the
performance of both conventional and reflective Butler matrices. In particular, we
iniaetfidantf fhA affenf nf raeflected wna-ac -r the beo-for..fri.n nerforirance. 119n anion
tional Butler matrix, since the input and output ports are separate, the reflected waves
emerging from the input ports have no effect on the beam-forming performance. Multiply
reflected waves may emerge from output ports; however, their amplitudes are generally
small, and their effects are relatively insignificant. In a reflective Butler matrix, the
reflected waves accumulate at the input/output ports; hence, the aperture distribution at
the antenna array is significantly modified, and this may degrade the beam-forming
performance. These effects are investigated, and computer simulated results are presented
together with a listing of the computer program.

SCATTERING MATRIX OF A 3-dB HYBRID COUPLER

The basic building block of a Butler matrix is a 3-dB hybrid coupler. For the ideal
hybrid coupler, energy fed into any one of the input ports will be split into two equal
components, one with a phase shift of 900 relative to the other. However, practical hybrid
couplers will in general exhibit amplitude and phase errors in their transfer coefficients.
These amplitude and phase errors will affect the transfer coefficients of both reflective and
conrent...onal'tifl..*rn marce 4.. __ Irt1-L. t. LI_. t.. LU…11con~venit~ion Bjutler. .llatcer in the Ssiiet way. That is, the errols in she ouverail network
input/output transfer coefficients will be the same for both conventional and reflective
networks. Practical hybrid couplers will also have nonzero reflection and transfer coeffi-
cients to the isolated port. For the conventional network, to a first order, the error
components due to these effects will appear at the network inputs. For the reflective
network, with its inputs and outputs sharing a single set of ports, all error components
affect the input/output transfer coefficients.

Thus, the two types of hybrid coupler errors are forward and reverse. Our investiga-
tion will be concentrated on the reverse-error components, and we shall assume that there

Manuscript submitted January 4, 1980.
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SHELTON AND HSIAO

is no amplitude or phase error in the forward-transfer coefficients of the 3-dB coupler. The
following analysis is based on the assumption that, when an incident wave of unit
amplitude is applied to one of the input ports, two waves of amplitude a will emerge
from the two output ports, one with a 900 phase shift and the other with no phase shift.
Similarly, waves of amplitude / will be reflected to the two input ports. As shown in
Fig. 1(a), when an incident wave of unit amplitude is applied at port 12, reflected waves
of - 3 and -j/3 appear at ports 11 and 12 respectively and waves of -ja and a appear at
ports 21 and 22. For conservation of energy, one has

2cr2 + 2p32 A. (1)

The isolation factor is defined as the power ratio of the reflected wave to the incident
wave. In this case, the isolation is

I- /32 (2)

Accordingly, in terms of the isolation factor,

a 0= 7T (5-3)
If the parameters in Fig. 1(b) are used, the reflected waves are related to the incident

waves by the matrix equation

b1i= -jP -JP 1, -lRa a-1- 4b1 2 -/ jj -jaxe 
-~~~ /3J #-; ~~~~~~~~(4)

L1 aj-PIa ebol ~ a-jcrla.,Lo22 L-a dl222Lb";;j -j .ijo Laid
where a1 1 ,a 1 2 , a2 1 , and a2 2 are incidentwaves and b1 l, b1 2 , b21 , and b2 2 are scattered
waves at ports 11, 12, 21, and 22 respectively.

Let

b1 =LbIJ tb2= A (5a)

a2= ]

411 ~ a22i

2

M�M
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1ll

a 012
a 12 _

(a) Unit-amplitude wave incident at one of the
input ports of a 3-dB coupler

I b21aai

b22

c 22

(b) Incident and reflected waves
on a 3-dB coupler

Fig. I - Transfer and reflection in four-port networks

and

S11 = 22=S Je
La -jI

Si ~ [2a~L -icr] 

SQ = .z 21 = l X-c]

Lja te

Matrix Eq. (4) can now be simplified to the form

n- -

bU

(5b)

(6)
Iai
Lai

SCATTERING AND TRANSFER MATRICES OF A BUTLER NETWORK

A Butler network can be represented by a block diagram as shown in Fig. 2.* Blocks
in regions 1 and 3 represent the 3-dB couplers described in the previous section, and a
phase-shift transfer network is located in region 2. A number of similar networks are

*For the remainder of this report, a network will be considered a physical entity and a matrix a
mathematical entity.

a

PORT 11 21

PORT 12 22

I
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SHELTON AND HSIAO

connected in cascade to form a complete conventional Butler network. The scattering
matrix for regions I and 3 is

-bl 1-j -$3 O O .0 .. a -jic O 0 ... O a11
b12 03 -j$ 0 0 ... -ja a 0 0 *..0 a12

0 0 -jP -f 0 0 ... a -ja 0.,. .
o 0 -P -j t 0 ... -jet a o...

b1 .... ... ... ... ... .... an
b = a-jo 0 0 Q..-jj -P 0 0 .. 0 a021

b22 -jo a 0 0 0 0 ... 0 822

0 0 a -jotOO *.. j(33 *-..0 .
* 0 0 -jo a *... ... -3 -j .. 0. 

b2n. ... ... ... .. .. a2n

ba =

al =

bi 2

bi.n

all1

a12

: 

aI n

, a2 =

b21

b22

b2n

7821

Ia22

a2 n

S1l = S22 =

-ji3 -P 0 O . . . ..

-$ -jA O 0 *.. *..

0 0 -$3 -0 0 0 ,
O O -0 -jo O O ... .,

o o ... ... .
0 0 , - -11L :-'

4

(7)

lie I kIe

{8a8

(8b)

(8c)
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Fig. 2 - Block diagram of a Butler network
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and

-1 2 -21

a
-joe

0
A

_0

0

0 0
0 0
a -jo

-1r -

. . .
0 0
n n

0... .. .. ... ... . ... ... .0 0 *. .. .o -joe
0 0 ... ... -j; a

IRA\

Equation (7) can now be simplified to

--I---
V>2=F:11 ~1 ;1 _Z
Lh2 -2i §1 I 9 2 J2 La2

(9)

The scattering matrix in region 2, which is a phase-shift and transfer network, can be
represented as

(10)

-where-Ul ,-d2 ;-C1 ,and-c 2- are-vectors such -that

c 

r -
dli
d12

din

c12

Cin

C2 1

C2 2

, C2=

2n

(11a)

(l1b)

Matrices Rf11 and R2 2 are zero, and matrices Rf12 and R 21 have identical elements. These
matrices describe the phase shifts and interconnections from one row of couplers to the

6

d 2 1

d22

d2n
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next. Their elements depend on the confirnration of the Rutler netwnrk. As an exmnple;
the R matrix of the 4-port Butler network shown in Fig. 3 is

Fi 0 0 01

R 1 2 = R 2 1 =

'iT

0 0 e 0
'IT.0rO -J-

L0

0 0

0 0 1

Fig. 3 - Four-port Butler network

Since we are interested in the overall scattering matrix of this network, we must first
convert the scattering matrix in each region to a transfer matrix, which in turn can be
multiplied to form the overall transfer matrix of the whole network. A transfer matrix can
be represented as

__ = T. ___ _ (13)

where a1 and b1 are the incident and reflected waves at the left hand ports and a2 and b2
are similar waves at the right hand ports.

It eMn be shown thatqa matrix T is related to an A matrix by the follnwing relations
[3,4]:

11 21 -22 12 il

T. -S. S-i
1 2 22 12'

7

(12)

(14a)

(14b)
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T21 = - s;n 51, (14c)

and

T99 = S-. (14d)

The overall transfer matrix is

T= [ T. (15)
i=l

where T1, T2 , T.., T are transfer matrices in regions 1, 2, ..., k.

The overall transfer matrix can be converted to a scattering matrix by the relations

T-' T 1aS11 = - 22 21' (16a)

S1= T-1, (16b)

S21 =T11 12 22 -21' (16c)

and

$22 =T 1 2 T-. (16d)

Since S12 = S21, one may use the simpler relation of Eq. (16b) instead of Eq. (16c).

Elements of matrix S21 (or S12) represent the transmitted waves at the output ports
when a unit incident wave is applied at any one of the input ports. Therefore, matrix S" ,
is the transfer function of a conventional Butler network. Elements of matrix SI 1 (or S22)
represent the reflected waves at the input ports when a unit incident wave is applied at
any one of the input ports, In a reflective Butler network both the reflected waves and
transmitted waves emerge from the same set of ports. Therefore, the scattering matrix of
such a network is the sum of matrices S1 2 and SI 17 or

S = 11 +S S12' -1

In deriving this reiation, we have made the assumption that the symmetry plane of a
reflective Butler network exhibits an open-circuit unity reflection coefficient.

PATTERNS OF AN ARRAY FED BY A BUTLER NETWORK

Figure 4 shows a schematic diagram of a reflective Butler network, which has half
the components of a conventional Butler network. There are n ports, since ports al,

8
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a1 2, ... ,a*n are identical with ports a2 i, a2 2 , - -- z I Th °Uing nreviously developed notation
and setting [b2 ] = [a2 ] = 0, this can be represented as

[bl] = [S1 1 + S a2 ] [a,] . (18)

PERFECT
REFLECTION

"121"22 ~~WALL

b2, b22

h. I^... HALF
BUTLER

I MATRIX

tin ,b2 nI

Fig. 4 - Reflective Butler network

The vector input of [a1 ] can be represented, for the case of an incident plane wave
received by a linear array, by

alk = A. exp [j(k - 1)uJ (19)

where u = 2trd sin 0/X,

with X = wavelength,
O = angle of incidence from the normal to the array, and
d = element spacing.

9
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In the subsequent discussion, we shall assume that the array has a uniform illumina-
tion function, that is, that Ak = 1. The scattering matrix [S, 1 ] + IS1 21 is computed as a
function of isolation factor 1. Radiation patterns of the network-fed array are represented
by two types of plot. One shows the main beams formed by several ports of the reflective
Butler network, and the other shows the complete array pattern of one port of the net-
work, in the range 0 < u A 180'.

Figure 5 shows the array patterns of an eight-port reflective Butler network. Figure 5a
shows four of the main beams for variation of the isolation factor of the 3-dB hybrid from
10 dB to 40 dB. Figure Sb shows the array pattern when the main beam is at s = 22.50 for
the same range of isolation factor. Figure 6 shows the corresponding patterns for a 16-port
reflective network. From these figures, it can be seen that the null filling level is roughly
equal to the isolation factor of the 3-dB couplers. That is, for the case of 10-dB isolation,
the pattern is filled to a level of about 10 dB below its peak; and for the case of 40 dB
isolation, the pattern is filled to a level of about 40 dB below its peak.

Tables 1 and 2 show computed results for eight-port and 16-port reflective Butler
networks, respectively. The isolation factors in dB are listed in the first column. The
transmitted power is the percentage of incident power, averaged over all inputs and out-
puts, that would emerge from the outputs for the conventional Butler-network configura-
tion. The remaining power emerges from the input ports. It is seen that the transmitted
power decreases as the isolation decreases and as the number of rows of couplers in the
network increases. For the reflective-network configuration, the input and output ports
are combined, and the components emerging from these ports are also combined. The RMS
amplitude and phase errors describe the effects of these spurious components on the
combined outputs and are defined by

A k=1 =1Z(i) 1

L _ _. 

)j 1/2N N

k=1 k=1

N2

where Ab and A@ are the RMS amplitude and phase errors, respectively, Ski is an element
of the scattering matrix S.

N N
= SE 18kI/IN2,

k=1 2=1

10

AO =
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4k is the phase of Sk 2, and @' 2 is the phase of sk p for the ideal network with no errors.
The error components increase with the number of rows of couplers and with decreasing
isolation.

A computer program for carrying out these calculations is listed in the appendix.
In addition to providing for imperfect reverse parameters of the hybrid couplers, thepro ral nrnrin oac fhr -lnarfnn+ Pr.r orn n A errors n e +1i- +nrnnnAnSs6 I-vsan V--PxKe Ae s 1 v>s f- *w--- -- a ssuvswv--tE;
transmission lines.

CONCLUSIONS

An exact analysis procedure has been developed that is applicable to both conven-
tional and reflective Butler networks with imperfect components. The analytical procedure
has been programmed for computation of results for conventional and reflective Butler
networks of arbitrary size. Results are presented for eight-port and 16-port reflective
networks using hybrid couplers with varying degrees of isolation. The results are given in
the form of radiation-pattern factors that would be obtained from a linear antenna array
fed by the network and also in terms of the RMS phase and amplitude errors of the net-
work transfer coefficients.
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Fig. 5a - Main-beam pattern of an eight-port reflective Butler network;
isolation factor varies from 10 dB to 40 dB
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Fig. Ca - Main-beam pattern of a 16f-port reflective Butler network;
isolation factor varies from: 10 dB to 40 dB
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Table 1 - Computed Statistical Parameters for
Eight-Port Reflective Network

Isolation Transmitted RMS Amplitude RMS Phase
_ Power J (percent Error

(dB) of incident) (percent) (degrees)

10 54.85 30.25 38.69

15 80.76 19.42 23.53

20 93.20 12.30 12.97

25 97.77 7.30 7.16

30 99.29 4.21 3.99

35 99.77 2.29 2.24

40 j :9.93 1.35 1.25

Table 2-Computed Statistical Parameters for
16-Port Reflective Network

IIsolatin Transmitted RMS Amplitude RMS Phase
Power (percent Error Error

tats} of incident) (percent) (degrees)

10 44.92 47.29 50.58

15 76.30 31.96 30.95

20 91.49 20.41 12.66

25 97.19 11.67 6.91

30 99.10 6.61 3,84

35 99.71 3.73 2.16

40 99.91 2.10 1.22

16



Appendix

COMPUTER PROGRAM FOR ANALYSIS

Thk rnmpu:ter nranrnm onmputeQ tho eoluinlg coefficients frinm thp inputf nnrtsR tof
the output ports and the power transmitted and reflected; it also plots the array radiation
pattern if it is desired. The type of Butler matrix analyzed by this program can be either
a conventional or a reflective type as described in this report. For this program three input
data cards are required. The first data card enters the following fixed-point (I5 format)
data:

NPT - Number of ports of the Butler matrix to be computed.

NROW - Number of rows of this network.

KLL - Absolute value of KLL represents the beam index whose pattern is to be
plotted. If KLL = 0, there is no plot. If KLL is less than 0, the program
plots the array pattern and also plots all main beams formed by the
Bu~tler nm~a-riv rntworks

LPRINT - Printout control. If LPRINT = 0, the program prints all detailed output at
each computation step.

The second data card, which is also in a fixed-point 15 format, specifies the number
of ports in each basic coupling network in each row. This implies that identical coupling
networks are used in each row. However, coupling networks of different ports may be used
in different rows.

The third input data card, which has a P10.6 floating-point format, specifies the
coupling coefficients of the 3-dB coupler used as the basic building block of the Butler
matrix network. These coefficients are read in the sequence Al, Bi, Cl, DI. These
numbers are related to the coupling coefficient of the 3-dB coupler by the relations (see
vier la)

1 = io-(0.05 X Al),

2 1o-(0.05 x Bi)
°e1 = 10-(006 X Cl),

and

a2 = lOd.005 X Dl)

17
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0001 PROGRAM RFB8TX
C THIS PROGRAM FIRST FIGURES OUT BUTLER MATRIX CONNECTION AND PHASE
C ANGLE a COMPUTES THE TRANSFER FUNCTION AND THEN PLOT THE PATTfRN
C MATRIX LIMIT TO THE SIZE OF 64
C COMPILED ON JULY 13,1976 BY J. K. HSIAO
C REVISED ON AUGUST 18,1976 BY J. K. HSIAO
C ABSOLUTE VALUE OF KLL REPRESENTS THE BEAM INDEX WHOSE PATTERN IS
C TO BE PLOTTED
C KLL=O NO PLOT
C KLL GRATER THAN 0 PLOT PATTERN ONLY
C KLL LESS THAN 0 PLOT BOTH PATTERN AND MAIN BEAMS
C LiL=l, FULL NATRIX, LLL=O REFLECTIVE MATRIX
C LPRINT =0, PRINT ALL DETAILED OUTPUTS
C IF LPRINT NOT EQUAL 0 NO MATRIX MULTIPLICATION RESULT IS PRINTEO
C IF LPRINT LT 0 PRINT ONLY THE TRANSFER FUNCTION

0002 CCNMONICSl/PLTAY(500)
0003 COMMINIC$4/AlA2.B1,52
0004 CIMENSION WBP(16),NBK(16)
0005 DINENSION NC(8,64),PHA(8,64)
0006 DIMENSION S11(32,32),S12C32,32),S21C32,32),522(32932)
0007 COMPLEX S11,S12,S21,SZ2
0008 CALL PLOTS(PLTAY,500,0.)
0009 NMAX=32
0010 KC=O
0011 1 READ 100,NTPNROWKLLsLPRINTLLL
0012 IF(NTP.EQ.O)GO TO 2
0013 3 READ l00,CNBP(I),I01,NRCW)
0014 100 FORMAT(16I5)
0015 READ 101, AlA2,B1,82
0016 101 FORMAT(BF10.6)
001T IFCEC.GT.o0)CALL ORTGIN(14.,o.)
0018 KC=KC+1
0019 NRI=NROW+L
0020 CALL NTWKCNTPNR1,NBP,NBKMCPHA)
0021 IF(LLL.GT.O)GO TO 4
0022 CALL HLFMTX(NTPNRI, NSPN8KNCPHA)
0023 4 CALL TRFMTX(NMAXNTPNR1,NBPNBKMC,PHA,511.512,S21,522)
0024 LL=O
0025 CALL PRTOUT(NTP.521.1S,LL .NMAX.LTFP.LPRINT)
0OZ6 LTFP=L
0027 IF(KLL.EQ.O)GO TO 1
0028 NPAV=1
0029 CALL PATERN (NTPS21,511,KLLNPAV,NMAX)
0030 GO TO 1
0031 2 CALL ENDPLT
0032 END

18
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0 001 SUJBROUTINE PRTOUT(NTP, TRFF, TRFBLL.NMX.LTFPLPRINT)
C LLGT.0 FOR BLOCK, AltC LLIS THE BLOCK NUrSER
C LL=O FOR OVERAL TRANSFER FUNCTION

0002 DIMENSION TRFFCNMX,NMX),TRFB(NMXNMX)
0003 CONMONfC$4/AlAZ,aBI82
0004 COMMON/CS6IAMPT(3Z,32),ANGL(32, 32),ANGT(32) ,TRFF2(32, 32), TR(32, 32

C ),AMPAVC32),ANGAVC32),AMX(32),ANX(3Z),AMPRMS(32).ANGRMS(32),
C SUMR(1824)

°°°5 COMPLEX TRFAn RFtosTRFr2c*RSR
0006 KC=O
0007 PI=3.1415926536
0008 RAC=180.fPI
0009 K6=6
0010 LLL=O
0011 IFCA1.LE .0.. OR .LL.GT.O )LLL=1
0012 IFCLL.LE.O)GO TO 1
0013 PRINT 101 LL
0014 101 FORMAT(f/40X,'THIS IS THE TRANSFER FUNCTION OF BLOCK',I5)
0015 GO TM 4
0016 1 PRINT 111
UUI1 P PR.IN ;06
0018 106 FORMAT(1/,20X,'OVERAL TRANSFER FUNCTION')
0019 2 IFCAl.GT.0.)GO TO 3
0020 PRINT 119
0021 119 FORMAT(/IIOX,'ZERO REFLECTION')

C GENERATE TRANSFER FUNCTION FOR AN IDEAL BUTLER MATRIX
0022 3 PRINT 124,NTPAI
0023 PRINT 117
0024 124 FORMATC/,20,X, 'NUMBER OF PORTS', I5,5X, 'ISOLATION(0B)',F10.4, 1/)
0025 CALL TRFIDL(NTP)
0026 IFCLTFP.GT.0)GO TO 4
0027 IF(LPRINT .GT.0)GO 0T 4
002° PRINT :07ifCCAMPTrtI IiJJ-liNTP)O l=.INTP'
0029 PRINT 117
0030 PRINT 107,(C(NGL(ILJ),J=1,NTP),I-1 NTP)
0031 PRINT 117
0032 4 IF(AI.LE.0.)K6=2
0033 00 60 K=1,K6
0034 SUM=O.
0035 00 15 I=1,NTP
0036 15 SUMRCI)=O.
0037 IMCIPRINT .GT.O)GO AO 75
0036 GO TO (71,72,73,74,17677)K
0039 71 PRINT 102
0040 102 FORMAT(fI/20X- 'AU I TrUnEr nF F:oRDAR0 TRANSFER FUNCTION')
0041 PRINT 117
0042 117 FORMATC/)
0043 GO TO 75
0044 72 PRINT 103
0045 103 FORMATC//,20X,'PHASE ANGLE oF FORWARD TRANSFER FUNCTION')

19
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PRINT 117
GI TO 75

71 PRuNT 10
104 FORMAT(//,20X,'AMPLITUDE OF REFLECTIVE TRANSFER FUNCTION')

PRINT 117
GO TO 75

74 PRINT 105
105 FORMAT(f/,20X*'PHASE ANGLE OF REFLECTIVE TRANSFER FUNCTION')

PRINT 117
c-a TO 75

76 PRINT 109
109 FORMAT(/f2OX,'AMPLITUDE OF THE RESULTANT TRANSFER FUNCTION)

PRINT 117
GO TO 75

77 PRINT 110
110 FORMATC//,20X,'PHASE ANGLE OF THE RESULTANT TRANSFER FUNCTION')

PRINT 117
75 00 67 I=1,NTP

DO 70 J=1,NTP
GO TO(61,62,63,64,65,66)K

61 ANGTCJ)=CABS(TRFF(IJ))
DNGT2=ANGT(J )**2

SURtSUN+ANGT 2
SUMRCJ)tSU!R (J)+ANGTZ
GO TO 70

62 IFCLPRIhT .GT.0)GO TO 70
ANGTrj =C-ANC. TRFFCI tJ))*RACI
GO TO 70

63 ANGT(J)=CABS(TRF8(I,J))
NGT =AN G1 C(J)*

SUN=SUM+ANGT2
SUR(J)=SUMRCJ)+ANGT2
GO TO 70

64 IF(LPRINT .GT.O)GO 10 70
ANGT(J)2CANGCTRFB(IJ))*RAC
GO To 70

65 TRCIJ) =TRFF(I,J)+TRFBCI,J)
DNGT(J)mCA8S(TR(IJ))

ANGT2=ANGT(CJ IZ
SUMRCJ)=SU RCJ)+ANGT2
SUM=SUN*ANGTZ
IF(LLLGT.O)GO TO 70
AJ4PTtIJ)=(ANGT(J)-AMPT(I,J))/AMPT(IJ)
GO TO 70

66 ANGT(J)=CANG(TRCI,J))*RtAC
IF(LLL.GT.O)GO TO 70
AG =ANGT(J)-AIGL(IJ)
ANGL(J, )=AG
IF(ABS(AG).LE.180O)GO TO 70
NSIGN=I

20

004 6
00 47
0041
0049
0050
0051
0052
0O 5 3
0054
0055
0056
005 7
0058
0059
0060
0061
00 62
0063
0064
00 65
0066
0067
D068
00 69
0070
0071
0072
0073
0074
0075
0076
0077
0078
00 79
00 80
008 1
0082
00a3
00 84
0085
0086
008 7
O00
0089
0090
0091
0092
O0M3
0094
0095
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0096 IF(AG.GT.0.)NSIGN=-l
0097 ANGL(IJ)=NSIGNs(360.-ABS(AG))
0099 70 CONTINUE
0099 iF(LPRINT .GT.0)GO TO 67
0100 PRINT 107,(ANGT(J),J=1,NTP)
0101 107 FORMAT(XOX, 8F10.4)
0102 67 CONTINUE
0103 KMOD=MOD(K,2)
0104 IF(KMOD.LE.O)GO TO 60
U0;0 PRINT ic2sSUM
0106 122 FORMAT(//,IOX,'TOTAL POWER OUTPUT.%FI0.4)
0107 PRINT 123,(SUMR(I),I=1.NTP)
0108 123 FORRAT(//,1OXw'POWER FROM EACH PORT',/,(1OX.IOFl0.4))
0109 60 CONTINUE
0110 TFCLLL.GT.O)GO TO 7
0111 IF(LPR1TT aGTrO'ni Ta S
0112 DO 50 L=1,2
0113 GO TO (51,52)L
0114 51 PRINT 120
0115 120 FORMAT(//,20X,'ERROR FUNCTION',/tZ0X,'AMPLITUDE',/)
Oll GO TO 53
0117 52 PRINT 121
0119 121 FORMAT(//,20X,'PHASE ANGLE.',J)
0119 53 00 50 t=1.NTP
0120 GO TO (54,55)L
0121 54 PRTNT 107, (ANPT(JI),J=1,NTP)
0122 GO TO 50
0123 55 PRINT 10T (ANGL(J.I),J=l.NTP)
0124 50 CONTINUE
0125 IF(LPRINT .LT.O)RETURN
0126 PRINT 111
0127 8 DO 59 L-1,2
0129 00 57 I=1,NTP
0129 IFCL.GT.1.AND.I.GT.l)GO TO 58
0130 ANGS=O.
0131 AMPS=O.
0132 ANGX=O.
0133 AMPX=O.
0134 58 00 56 J=1,NTP
0135 AMPS=AMPS+AMPT(JI)
0136e ANGS=ANGS+ANGL(JI)
0137 IF(AMPT(JI).GT.AMPX)ANPX=AMPT(J 4)
0138 56 IF(ABS(ANGL(JI)).GT.ABS(ANGX))ANGX=ANGL(J.l)
0139 IFCL.GT.l)GO TO 57
0140 AMPAV(1)=AMPS/NTP
0141 ANGAV(I)=ANGS/NTP

0 1s2 ~"nXC I)=AmPXAi I~ tiA mv

0143 ANX(I)=ANGX
0144 57 CONTINUE
0145 IF(L.GT.1)GO TO 59
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0146 PRINT 117
0147 PRINT 107,(ANPAV(KhvK=lNTP)
0148 PRINT 117
0149 PRINT l07#(ANGAVCK),X=1,NTP)
0150 PRINT 117
0151 PRINT I0,t(ANK(K),K=,fNTP)
0152 PRINT 117
0153 PRINT 107,CANX(K),K1tNTP)
0154 PRINT 11T
0155 59 CONTINUE
0156 ANPS=AMPS/NTP**2
0151 INGSmANGS/NTP**2
0158 ANGSST=O.
0159 AMPSST=0.
0160 0D 80 Iai.NTP
0161 JNGSS=0.
0162 ANPSS=0.
0163 0o 81 J=1,NTP
0164 AMPSS=AMPS+CAMPT(JI)-AMPAV(I))**2
0165 ANGSS=ANGSS4(ANGLCJT)-ANGAV(I))*$2
0166 AMPSST=AMPSST+(AMPT(Jtl)-AMPS)**2
0167 81 ANGSST=ANGSST+(ANGL(J,Il)-ANGS)**2
016f EMPRNS(I)=SQRTCAMPSS /NTP)
0169 ANGRNSCI)=SQRT(ANGSS INTP)
0170 80 CONTINUE
0171 PRINT 107,(AMPRMS(K),K=1,NTP)
0172 PRINT 117
0173 PRINT 107,sANGRMS(K),K=1,NTP)
0174 AMPSS=SQRT(AMPSSTINTP**2)
0175 ANGSS=SQRT(ANGSSTINTP**2)
0176 PRINT 117
0177 PRINT 107,ARPSANGSAMPXANGXAMPSSANGSS
0178 7 IF(LL.GT.O)RETURN
0179 IF(LPRINT .NE.O)RETURN
0180 PRINT 111
0181 111 FORMATUiHl)
0182 L3K/
0183 6 DO 10 L=l,3t
0184 GO TO (11,12,13)L
0185 11 PRINT 112
0186 112 FPRMAT(ffq20X,'I0EAL CASE'*//)
0181 GO TO 14
0188 12 PRINT 113
0189 113 FORMAT(//,20XWACTUAL CASE'#lf)
0190 GO TO 14
0191 13 PRINT 114
0192 114 FORNATCI/,2OX,'OIFFERENCE',//)
0193 14 00 30 I=1,NTP
0194 DO 30 J=1INTP
0195 SR=CPPLX(0.0O.)
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0196 00 40 K=1,NTP
0191 GO TO (41.42,43)L
0198 41 SR=SR+TRFFCIK)*CONJG(TRFF2(JK))
019S GO TO 40
0200 42 SR=SR4TR(I9K)*CONJG(TRFFZ(JK))
0201 GO TO 40
0202 43 SR=SR+TRFB(1IK)*CONJG(TRFF2(JK))
0203 40 CONTINUE
0204 ANGL(IJ)=CANG(SR)*RAC
0205 30 AMPT(IJ)=CABS(SR)
0206 00 20 K=1,Z
0207 GO TO (21.22)K
0208 21 PRINT 115
0209 115 FORMATC20X,'AMPLITUDE',I)
021C GO TO 23
02tl 22 PRINT 116
0212 116 FORMAT(/I,20X,'PHASE ANGLE%/)
0213 23 DO 20 I=1,NTP
0214 GO TO (24,25)K
0215 24 PRINT 107, (AMPT(I9JhtJ=-lNTP)
0216 GO TO 20
0217 25 PRINT 1079 CANGL(IJ),J=lNTP)
0218 20 CONTINUE
0219 10 CONTINUE
0220 TF( XC.GT.O)RETURN
0221 IF(A1.LE.O.)RETURN
0222 PRINT 118
0223 118 FORMAT(1H1,1OXWREFLECTION MATRIX IS USE0',r/)
0224 DO 5 }=11NTP
0225 DO 5 J=1,NTP
0226 5 TRFF2(IJ)=TRFFCIJ)
0227 KC=KC+1
0228 GO TO 6
0225 END
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0001 SUBROUTINE TRFNTX(NMNNNRINBPsNBKICCPHA.SIISl12,S21,S22)
0002 DIMENSION N8PC16),NBK(16)
0003 DIMENSION MCCNRI ,NN)hPIA(NR1 ,Nt)
0004 DIMENSION Sll(NM,NM),S12(NM,NM),S21 CNMM),S22(NM.NM)
0005 CONNONfC$StTi1(32,32),TI2(32,32)hT21C32,32),T22C32,32)
0006 COMONIC$6/RllR(32o32),RlZC32,32),R21(32,32),R22(32,32)
0007 DIMENSION SS11(8,8),SS1Z(8,8),SS21(8,8),SSZ2(8,8)
0008 DIMENSION MCT(32)
0009 COMPLEX Sl1.S12.S21S.22.TII.TI2.TZI.T22.RII.R12.R21.R22.AR.SSIll

CSS1Z,SSZISS22
C FIRST INDEX ROW
C SECOND INDEX COLUMN

0010 0D 10 Itl,NRl
C TRANSFER MATRIX IN CONNECTION REGION

0011 DO 11 L=1,NN
0012 LL=NC(IL)
0013 11 MCT(LL)=L
0014 PRINT 1OZNC(IL),LtINN)
o00s PRINT 102,("CT(L), L=INN)
0016 PRINT 101,(PHA(I1 LhL=1,NN)
0011 102 FORNAT(P/,ClOX,815))
0018 101 FORMAT(l/dIOX,8F10.4))
001 DO 20 J=1,NN
0020 00 20 XK1,NN
0021 TllCJK)=CMPLX(O.,0.)
0022 T12(JK)=CMPLX(0.,0.)
0023 T21(JK)=CMPLX(O.,O.)
0024 T22(JX)=CMPLX(0.,v0.)
0025 IFCMCT(J1.Nf.K)GO TO 20
0026 Tll(JK)=AR(PHA(IJ))
0021 T22(JK)=CONJG(TllCJK))
0029 20 CONTINUE
0D7' PRTkT 100.a(Tll(M.NtN=l1NNl.M=l.N)
0030 PRINT lOOd(CT22CMN),N=1lNN),MtlNN)
0031 IIF(Z.GTwl)GO To 21
0032 00 22 J=1,NN
0033 00 22 K=1,HN
0034 Rl(J*K)=Tll(JK)
0035 R12CJ.K)=CMPLXCO.,0.)
0036 RZ1(J.K)=CMPLX(0.,0.)
0037 22 R22(JsK)=T22{JX)
003E GO TO 23
0039 21 CALL UTXSLT(NMNN. TItITlzT21*T22,RllR12,R21,R22)
0040 23 PRINT 100,((R11(M,N),N=l,NN),M=l,NN)
00'! PRINT 100l ((R12(MtN)qN=1,NN),"=flNN)
0042 PRINT 100,((R21(MN),N=lNN)9M=lNN)
0043 PRINT 100,((R22(M,N),N=1,NNvM=lNN)
0044 1OO FORNIT7(/I(IOX,8FlO.4))
0045 IF(I.EQ.NR1)GO TO tO

C TRANFER MATRIX IN BLOCK REGION
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0046 NP=NBP(I)
0047 IF(I.LE.l)GO To 26
0048 IF(NP.tQ.NEkP(-i))GO TO 27
0049 26 CALL BLK(8,NP,SSll5S.12.SS21,5$22)

C RESET S MATRIX
0050 0O 24 J=1,NN
0051 0D 24 K=1,NN
0052 24 SIICJK)=CMPLX(O.,0.)
0053 S oC 'jK)f=",MLXCOA. 0 )%
0054 S21CJ,K)=CMPLX(O.,0.)
0055 S22(JK)=CMPLX(O.,0.)
0056 00 25 J=1,NNNP
0057 00 25 JJ=1.NP
0058 Jl=JJ-l
0059 il 25 KK=1 ND
0060 K1=KK-1
0061 SLI(J*Jl.J#KI)=SS1lCJJKK)
0062 S1Z(J*JlJ+Kl)=SS12(JJ,KK)
0063 S21CJ+Jl,J+KI)=SSZI(JJKK)
0064 522(J+JlJ+Kl)=SS22(JJKK)
0065 25 CONTINUE
0066 PRINT 100, CCS1IICMN),N=1,NN),M=1,NN)
0067 PRINT 009,(C512(NN).N=lNN) .N=l.N)
0068 PRINT 100,(CSZL(NN)oN=1,NN),A=1,NN)
OC65 PRINT 100,((S22(MN),N=INN),M=1,NN)

C INVERSE S-MATRIX
0070 CALL lNVSl(NMNN,512)
0071 CALL STTRF(NMNN,Sl1,S12,521,522,TllT12,T21,T22)
0012 PRINT 100, CtSllCRN),N=1,NN),M=1,NN)
0073 PRINT 100, C(S22(Nt N),N=1,NN),M=1,NN)
0074 PRINT 100C((SZI(M,N) 1N=lNN),N=lNN)
0075 PRINT 100,(CCS22V4N),N=1,NN),M=1,NN)
007f 27 DO 50 J=1,NN
0077 0O 50 K=1,NN
007E Tll CJ ,K )=SI1 (J ,K)
0075 T12(J*K)=S12(JvK)
0080 t21(JK)=S21CJ,K)
0081 SO T22(JK)=522(JK)
0082 CALL NTXMLTCNMNN, T.11,Tl2,T21,T22,RIIR1,R21,R22)
0083 PRINT 100, (CRiiC(,N)N=1 ,NNhK=i ,NN)
0084 PRINT 100,v((R2(M,N),N±lNN)fN=lNN)
0085 PRINT 100,((R21CMN),N=1,NN),f=lNN)
0086 PRINT 100,CCR2ZCMN),N=1,NN)sM=lNN)
0087 10 CONTINUE
0088 CALL INVS1(NMNN,R22)

O~~nS DZ w0 J=}',xNN

009C DO 40 K=INN
0091 S12(JYK)=RZCJ.K)
0092 S21(J,K)=R22CJ,K)
0092 5l1(JK)=CMPLX(0.,-0.)
0094 S22 (JtK)=CMPLX(O., O.)
111C Ila f IV IhI

0096 S,1CJ,K)=S11(J,K)-R2U(JL)*RZ1(LK)
0097 522(JK)=S22(J,K)+R1(J,L )*R22CLK)
009P 40 CONTINUE
0099 PRINT 100,(CSll(MN),N=1,NN),M=1,NN)
0100 PRINT lOO,((S12(MN),N=lNN),M=lNN)
0101 PRINT ' fl fl("1( NN)N=1NN),M=1,N)
0102 PRINT 100. ((S22C8. N)N=I ,NN)M=1,NN)
0103 RETURN
0104 END
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0001 SUSRIUT[NE STRF(NMtNNNRINBPNBEtC,PNASl1,Sl2.S21,S22)
0002 CIMENSTON NBP(16),NeK(t6)
0003 DIMENSION MC(NRlNN),PHA(NRl*NN)
0004 DIIENSION Sll(NNMNM),Sl2(NMNM),S21CNK,NM),S22(NM,NM)
OC0S CONNCIJCIS/T11C8,S),TXZCs,8),TZX(,8),TZZCes),RiIvee),Ri2(Ss),

C RZI(8,8),R22(8,8),SPACEC7I68)
0006 DINENSION MCT(32)
0007 CIMENSION SSII(2s2),SSL2(2,2)h5521C2.2).5522(292)
0008 COMPLEX S1I,S12,S21tS22.T11,tl2,T21,T22,Rl1 ,RI2R21,R22fARSS1I,

CSS12,SS21. SS22
0001 CALL TWOPT(SSIISS12,5521,SS22,2)

C 1ST INDEX.COLUMN
C 2ND INDEX.ROW

0010 00 10 I=l,NRL
C TRANSFER MATRIX IN CONNECTION REGION

0011 Do 11 L-1.NN
0012 LL=MC(IL)
0013 11 MCTCLL)=L
0014 00 20 J=1,NN
0015 00 20 K=l*NN
0016 TII(JK)=CWPX(0.0.)
CCL7 T12(JK)=CMPLX(0.90.)
0018 T21(JK)=CMPLX(O.,0.)
0015 T22(JK)=CMPLX(O.90.)
0020 IFCMCT(J),NE.K)GO TO 20
0021 Tll(JK)=AR(PHA(C9J))
0022 T22(JK)=CONJGCTll(JSK))
0023 20 CONTINUE
0024 IF(I.GT.I)GO TO 21
0025 Do 22 J=1,NN
0026 CO 22 K=lNN
0021 RIl(JIK)=Tll(JK)
0028 R12(J.K)=T12(JK)
0029 RZ1(JK)=T21(JK)
003C 22 R22CJK)T122CJK)
0031 GU TO 23
0032 21 CALL MTXMLT(NMNNN, TI1,T12,T21,T22,RllR12,R21,R22)
0033 IF(I.EQ.NRI)GO TO 10

C TRANFER MATRIX IN BLOCK REGION
C RESET S MATRIX

0034 23 NP=NBPCL)
0035 IF(I.Lf.l)GO TO 26
0036 IF(NP.EQ.NBP(I-1)GO TO 27
0037 26 n6 24 J=1.NN
0038 DO 24 K=1,NN
00319 24 Sll(JK)=CMPLX(O0 O.)
C04C S12(JX)=CMPLX(0.,.0.)
0041 S21CJ9K)=CMPLX(0..0.)
0042 S22(JK)=CKPLX(0.*0.)
0041 00 25 J=1,NNNP
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0044 DO 25 JJ-1,NP
0045 Jl=JJ-l
0046 Co 25 KK=1,NP
0041 KI=KK-I
0048 SlI(J+JI ,J+Kl)=SS1 1 CJJ,KK)
0049 S2L(J+JI,J+K1)=SS12(JJ,KK)
0050 521(J+J1,J+Kl)=SS21CJJKK)
0051 S22 J+J1, J+K 1 )=SS22(JJKK)
0052 25 CONTINUE

C INVERSE S-MATRIX
0053 CALL INVS2(NMNNS12)
0054 CALL STTRFCNMNN,511,512,,521,522,TllT1,T21,T22)
0055 27 00 50 J=1,NN
0056 cO 50 L=1.NN
0057 TllCJ,K)=Sll(J,K)
0058 T12(JK)=512CJK)
0055 T21(J,K)=521(JK)
006C 50 T22(JK)=S22(J,K)
0061 CALL MTXMLT(NMNNT11,Tl2,TT21T222,RllRlR21,R22)
0062 10 CONTINUE
0063 CALL INVS2CNMNNR22)
0064 DO 40 J=LNN
0065 D0 40 K=1,NN
0066 512(JK)=R22(JK)
OC61 521(J,K)=R22CJ,K)
0068 Sll(J,K)=CMPLX(U.,0.)
0069 S22CJ,K)=CMPLX(O.,0.)
0070 C0 40 L=1,NN
007i Si! CJK)=SlitJ,K)R22(j,L )sR2iCL ,K)
0072 SZZCJK)=S22(J,K)+R12(J,L)*R22(LK)
0073 40 CONTINUE
0074 RETURN
0075 END

00001 SUSROUTINE STTRFCNMtNNSll512,521, S22.T11,T12,T21,T22)
C THIS SUBROUTINE INVERSES S PATRIX AND STORES IN T
C

0002 01MENSION S1 l(N~g NrMJ gSi(NM wNK)t SZ(NCNnsM)sS22(NMbNH )
0003 DI4ENSION TllCNNNM) ,TL2CNMNM) ,T2 ICNNNM), T22(NMNM)
0004 COMPLEX S1,S12,521, S22,Tll ,T12,T21 ,T22
0005 DO 30 J=lNN
0006 DO 30 K=1,NN
0007 T22(JK)= SI2J,K)
0008 T21CJ,K)=CYPLXC0.j . )
0009 D0 30 L-1,NN
0010 30 T21(J.K)=T21CJK)-S1A(J.L)*S11(LK)
0011 0e 31 J=1,NN
0012 00 31 K=1,NN
0013 Tt2(J9K)=CMPLX(0.,0.)
0014 TllCJ.K!-=S21CJ.K)
0015 CO 31 L=1.NN
ool0 T12(JK)=T12CJK)+52CJL )*SZ1(L.K)
0017 31 Tll(JK)=TIICJK) +522CJ,L)*T2LCL,K)
0018 Do 20 K=1,NN
0015 DO 20 J=1,NN
0020 Sll(JK)=TllCJK)
0021 S12(JK)=T12CJ,K)
0022 M2l(JK)=T21CJK)
0023 20 S22(J,K)=T22(JK)
0024 RETURN
0025 END
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0001 SUBROUTINE *TXMLT(NsNNtR l1,R12 1R21,R2Z.TIZ.Ti2 .T1tT22)
C THIS SUBROUTINE MULTIPLE SUBMATRICES R*T THEN STORE THE RFSULT
C IN R
C S=RsT
C SMl=Rll*Tll+Rl2*T21
C SlZ=RII*T12+R12*T22
C S21=R21*Tll+R22*T21
C SZZ=R21sTl2tR22*T22

0002 DIMENSION TT1(32.32).TT2(32.32)
0003 DIMENSION TI(NM.NM),T12(NNN)T2l(NNNN),I2CNN,NM)
0004 DIMENSION RI1(NMN"),RlZ(NMNM),R21(NMNN),R22(NM,NM)
0o0s COMPLEX Tll, TLt2 1 .t 22,RllX RXZR2ZlR2sTT1 .TT2

0006 PRINT 101
0007 PRINT 100,(CRI1(N,N),N=1,NNf.,=1,NN)
0008 PRINT 100,((R12CMN),NzlNN),N=1,NN)
0009 PRINT 100,(CR2 l(MN),N=1.NN),N=1,NN)
00i1 PRINT 100 ((R22(MN),N=1,NN),P=1NN)
0011 PRINT 100t((Tll(MN)hN=1 NN).M=19NN)
0012 PRINT 100,((T12(NN) ,N1,NN),N1,NN)
0013 PRINT 100,((T21(lN),N=1,NN),M=1,NN)
0014 PRINT 100l,(TZ2C.N)hN=1,NN),14=1,NN)
0015 PRINT 101
0016 100 rORMAT(/,,(10XSr10.4))
0017 101 EORMB'(II, .. .'I/)
0018 Oa 10 iJ=lN
0019 00 10 K=1.NN
0020 TTI(J,K)=CNPLXOO.,0.)
0021 TT2(JKW=CMPLX(0.,0.)
0022 00 10 L=lNN
0023 TTI(JtK)=TTI(J,X)+IR1(JL)*T11(LK)+R12(JL)*T21(L,K)
0024 TT2(JK)=TT2CJK)+Rl1(J,L)*T12(L,K)+R12(J.L)*T22(LK)
0025 10 CONTINUE
0026 00 20 J=1,NN
0021 DO 20 K=1,NN
0028 Rll(JK)=TTl(JK)
0029 20 R12(JK)=TT2(JK)
0030 DO 30 J=1.NN
0031 00 30 K=1,NN
0032 TTI(JK)=CMPLX(0.,0.)
0033 TT2(JK)=CMPLX(O.,O.)
0034 Do 30 L=1,NN
0035 ITL(JK)=TTI(JK)+R21CJ.L)*Tll L,K)+R22(JL)*T21(LK)
0036 TT2CJK)=TT2(JK)+R21(JL)*T12CLK)+R22(JL)*T22(LK)
0O3 7 30 CONTINUE
O03e DO 40 J=1,NN

003S DO 40 K=I.NN
0040 R21(JK)=TT1(J.K)
0041 40 R22(J,K)=TT2(J,K)
0042 00 50 J=1,NN
0043 00 50 K=1,NN
0044 T11CJ,K)=R11(JK)
0045 T12(JK)=R12(JK)
004e T21(JK)=R21(JK)
0047 50 T22(J,K)=R22(J,K)
0048 RETURN
004s END
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0001 SUBROUTINE PATERN (NTPTRFFTRF6BKLLNPAVNMX)
C ABSOLUTE VALUE OF KLL REPRESFNTS THE BEAM INDEX WHOSE PATTERN IS
C Ta BE PLOTTED
C KLL=O NO PLOT
C KLL GRATER THAN 0 PLOT PATTERN ONLY
C KLL LESS THAN 0 PLOT BOTH PATTERN AND MAIN BEAMS

0002 CONMON/C$1/PLTAY(500)
0003 DIMENSION TRFF(NMX.NKX),TRFB(NNXNMX)
0004 COMsNuCn5/PEa 64tqs'q iOu ;,r PPAXo64q)PAV(64 )PMAV(64)uKINui 64)m

C KIND2(64),PEAKDB(1OO),SPACE(13T2)
0005 COMMCHIC$6/CONTA(40S6),SINTA(4096)
000t COMPLEX TRFFTRFBS
0007 Z(X)=10.*AL13GIO(X)
0008 PRINT 104
0005 104 FORMAT(1HI)
0010 PI=3.1415926536
0011 ATR=PI/180.
0012 XPLOT=IABSCKLL)
0013 NTP2=NTP/2

C PLOT FRAME

0015 NY=VSL
0016 XSLs180.
0011 NX=XSL
0018 HN=5.
0019 SY-2.
002C XM-10.
0021 YN=5.
0022 YS=2.
0027 YSYt=Y5TYM
0024 NTA-ZO*NTP
0025 NTAL=NTAt1
0026 TAINC=PD/NTA
OC27 PNOR=NTP
002e CALL PHASAN(TAINC.IKA)
0029 XL=l
0030 IF(KLL.LT.O)KL=2
0031 NTAXN=2*NTA+l
0032 DO 1 1=1,NTP
0033 Do 1 J=19NTP
0034 1 TRFF(I,J)=TRFF(I,J)4TRFB([,J)
0035 DO 20 IL=1,KL
0036 IF(IL.LT.2)GO TO 25
0031 CALL PLOT(XMt4.90.,-3)
0038 NTALN=NTA1
0039 NSIGN=l
0040 25 CALL FRAME(XMYM,XSLY5L, SYHNNXNY)
0041 D0 20 K=1,NTP2
0042 KK=O
004! KFLtG=O
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0044 KTI=I
0045 KPCONT=I
0046 KMINC=1
0047 KNA=O
0048 LEDGE-O
0049 00 30 IJ=1,NTAIN
0050 IF(IL.GT.1)GO TO 23
0051 NSIGN=-1
0052 IFCIJ.GE.NTAL)NSIGN=t
0053 I=IJ-NTAI+NSIGN
0054 GO TO 24
.0055 23 I=IJ
0056 24 II=IABS(I)
0057 11=11-l
0058 PAR=O.
0059 PAI=0.
0060 IFCIL.LT.2)GO TO 2L
0061 IFCI.LT.KINDICK).OR.I.GT.KIND2CK))GO TO 30
0062 IF(I.EQ.KI.ND(K))II=l
0063 21 DO 40 J=1,NTP
0064 S=TRFF(JK)
0065 Ji=(J-i)*Ii+i
0066 JROD=MOD(JIIKA)
0067 IF(JMOD.EQ.O)JMOD=IKA
0068 PAR=CONTA(JMOID)*REAL(S)-SINTA(JNOO)*AINAG(S)*NS IGN+PAR
0069 PAI=CCNTJ(JPOCD)*AINAG(S)+SINTA(JNOO)*REAL(S)*NSIGN+PAI
0070 40 CONTINUE
VXF^7f 1 AT=PAeR.-.lr'PAI.-*
0072 PAT=PAT/PNOR
0073 IF(ItL.EQ.2)GU To 22
0074 IFCIJ.LE.1)GO TO 31
0075 IFCPAT-PATl)32,31,33

C EXAMINE IF A MAXIMUP IS PASSED

0071 IF( IJ.EQ.2 )EDGE=l
0076 IFCKMA.LE.0)GO TO 31
0079 IF(PAT1.LE.PEAXKsXPCONT )) GO TO 34
0080 KINDZ(K)=KMIND
001 XFLAG-l
0082 KPCONT =KK'l
0083 34 KK=KK 1
0084 PEAK(KKK)=PATI
0083 KMA=0
0086 GO TC 31

C EXAMINE IF A MINIMUM IS PASSED
noJ ' I3 KMA=j1
0088 IF(KMI.LE.0)GO TO 31
0089 35 KNTND=I-1
009C IF(KFLAG.GT.O)KIND2(K)=I-l
0091 XFLAG=O
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0092 KM10
0093 31 PAT1=PAT

C PLOT PATTERN FOR A GIVEN BEAM
0094 IFCK.NE.KPLOT)GO TO 30
0095 IFCIJ.LT.NTAI)GO TO 30
0096 22 DB=Z(PAT)
0097 Y=(1.+DBTYSL)*Yf4+SY
0098 IF(Y.GT.YSM)Y=YSM
OC99 IF(Y.LT.SY)Y=SY
OOCC P=I-l
0101 X=P*XM/NTA
0102 IF(II.EQ.1)GO TO 3
0103 CALL PLOTCXY,2)
0104 GO TO 30
0105 3 CALL PLOT(XY,3)
0106 30 CONTINUE
0107 IF(IL.GE.2)GO TO 20
0108 TFCKMA.GT.O)GO TO 42
0109 IF(KPCONT .EQ.KK)KIND2CK)=NTAI
0110 FCKIND2(K).LE .0)K TND2(K)=NTAI

C DELETE THE MAIN LOBE
0111 GO TO 43
0112 42 IF(LEOGE.LE.O)GO TO 43
0113 KK=KK+1
0114 PEAK(K.KK)=PATI
0115 43 9D 44 I=I1KK
0116 44 PEBKDB(I)=lO.*ALOGLO(PEAKCKT))
0117 PRINT 102,K
0118 102 FORMATC//,20X,'BEAM INDEX',1S)
0119 PRINT 10l,(PEAKD3C[),I=1,KK)
0120 KK=KK-1
0121 00 53 L=1,KK
0122 lFCL.LT.KPCONT )GO TO 53
0123 DEAK(KL)=PEAK(KL+l)
0124 53 CONTINUE
0125 PMAXCK)=O
0 12 6 PSUN=O.
0127 PRINT 101.#CPEAK(KI).I=1,KK)
012e 101 FORMATC//,(lOX,10E12.4))
012S DO 50 L=1,KK
0130 IFCPEAK(KL).GT.PMAX(K))P4AX(K)=PEAK(KL)
0131 PSUM=PSUM+PFAKCKL)
0132 50 CONTINUE
0133 PAV(K)=PSUM/KK
0134 PMAXCK)=Z(PNAX(K))
0135 PAV(K)=Z(PAVCK))
0136 PRINT 103.PPAX(K)TPAV(K)
0137 103 FORMAT(/I,1OX, 'PEAK',F1O.4,SX,'AVERAGE'tFIO.4)
0138 20 CONTINUE
0139 RETURN
0140 END
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0001 SUBROUTINE HLFMTXCNTPNR1,N4BPNBKNCPPHA)
0002 DIMENSION NOPCl6),NBK(16)
0003 DIMENSION MC(NRlNTP),PA(NRlNTP)
0004 COWMON/C$3/MCT(64)
0005 DIMENSION ANGC64) ,ATEMP(64)
0006 NN=NR1/2
0007 LL=(NR1+1)/2-NN

C tLfl NUMBER OF ROWS IS EVEN
C L;LL NUnBER OF RigWS IS OOu

oooe CALL PHASUM(NR1,NTP,NUP,$CPNAANG)
0005 DO 10 I=l,NTP
0010 11=1
0011 0e 11 J=ltNR1
0012 KK=NC(J,Il)
0013 [F(J.EQ-NN3)1KP=IK
0014 II=KK
0015 11 CONTINUE

C FIND THE JOTNT POINT THEN STORE IN "CT ARRAY
0016 DO 12 J=1,NN
0017 KKS=HCCJ.KK)

0019 PCTCKKP)=KKS
C AVERAGE THE PHASE ANGLES FOR SYMMETRICAL MATRIX

0020 0e 13 J=1,NN
0021 JJ=NRl-Jtl
0022 IMC=NC(JI)
0023 AVG=(PHA(Jl*MC)+PlHA(JJ.I))I2.
0024 13 PHACJIMC)=AVG
0025 PHACJJI)mAVG
0026 10 CONTINUE

C CORRECT PHASE ANGLE OF THE MIDDLE ROW WHEN THE NUMBER OF ROWS IS
C EVEN

u027 IF(LL.LE.O)Gu TO 1
002e N1=NN+I
0025 00 20 11=1NTP
0030 lI=MC(NlI)
0031 IN=NC(NI ,-CT(I))
0032 ATEMP(II)=PHA(NI,II)
0033 IF(PHA(NlIN).GT.ATE4P(Ii))ATENP(1i)=PfiA(N1,IN)
0034 20 CONTINUE

C CORRECT THE PHASE ANGLE BY ADDING THE SIME EXTRA PHASE TO EACH
C PORT IN A BLOCK

0035 NMP=NBP(N1)
0036 NNB=w8K(Ni)
0031 00 21 i=1,NMB
003B I3B (I-1)*NMP
0039 AA=O.
0040 DO 22 J=1,Nh'P
0041 KK=1IN8+J
0042 A=ATEMP(KK)-PHA(NIKK)
0143 IF(A.GT.AA)AA=A
0044 22 CONTINUE
0045 IFCAA.LE.O.) GO TO 21
0046 DO 23 J=lNMP
0047 KK=IMB+J
0048 23 PHA(NRlKK)=PHA(NltKK).AA
0045 21 CONTINUE
0050 RETURN

C CORRECT THE PHASE ANGLES FOR THE CASE WHEN THE NUMBER OF RIWS IS
C ODO
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0O05 I CALL PHASUMCNRINTPNBPMC.PHAATENP)
0052 DO 30 IflNTP
0053 AA=ANG(I)-ATEMP(I)
0054 JJ=MC (1,1)
0055 30 PHA(1,JJ)tAA
0056 PHACNRII)=AA
0057 RETURN
005e END

0001 SUBROUTINE PHASUMCNRL,NTPNBP,MCPHAAS)
0002 DIMENSION N8P(16)
0003 DIMENSION MC(WRlNTP),PHA(NRINTP),AS(NTP)
0004 DIMENSION LAP(2,64) ,A(64)

C SET THE PHASE SHIFT OF THE BOTTOM ROW
0005 NRqw=NRl-l
0006 NN=NBPCNROW)
0007 Oa 1 J=1.NN
0008 LAPC2,J)=J
0009 1 AS(J)=PHA(1,1)
0010 KK=NN
0011 00 10 IltNRow
0012 I=HNROlfI
OOl3 11=X1+1
0014 NNtNBPCII)
0015 IF(II.LE.O)HN=1
0016 Do 12 J=1,NTP
0017 LAP(1,J)=LAP(2,J)
0018 12 *CJ)-DS(J)
0019 KN=O
0020 0a 20 L=1,KK
0021 LL=LAPC1,L)
0022 00 21 N=lNTP
0023 IF(MC(I1.N)XNE.LL)GO TO 21
0024 JJ=N
0025 GO TO 22
0026 21 CONTINUE
0027 22 NMD=NOD(JJ,NN)
0029 IFCNlM.EQ.O)NND=NN
0029 00 30 K=1,NN
0030 IND=JJ-NPD+K
0031 IF(NN.EQ.l)IND=JJ
0032 KN=KN+l
0033 LAPCZ.KN)=IND
0034 30 AS(IND)=A(LL)+PHA(I1,LL)
0035 20 CONTINUE
0036 KK=KN
0037 10 CONTINUE
0038 RETURN
0039 ENO
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0001 SUBROUTINE NTWKCNTPNRlNBPqNKMC,PHA)
C*****TNIS SUBROUTINE FINDS THE CONNECTION OF A BUTLER MATRIX OR FFT
C GIVEN THE NUMBER OF ROWS AND THE NUMBER OF PORTS IN EACH BLOCK IN
C EACH ROW
C**t**CONPILED BY J. K. NSIAO
C***t*FIRST VERSION IS COMPILED ON MAY 3,1976
C*S***NTP, NUMBER OF TOTAL INPUT PORTS OR SAMPLES
C*****NROW, NUMBER OF ROWS REQUIRED TO PERFORM THE TRANSFORMATION
Cs****NBP, AN ARRAY STORES THE NUMBER OF PORTS IN EACH BLOCK AT EACH
t ROW. EACH BLOCK IN A ROW HAS THE SAMf NUMBER OF PORTS
C****SNBK, AN ARRAY STORES THE NUMBER OF.BLOCKS IN EACH ROW.
C**.nNC, A TWO DIMENSIONAL ARRAY STORES THE CJNNCTIONS OF THE NETWORK.
C FIRST INDEX OF THE ARRAY REPRESENTS THE NUMBER CF CURRENT ReOW THE
C LOCATION OF THE SECOND INDEX REPRESENTS THE PHYSICAL LOCATION OF
C THE PREVIOUS ROW WHILE THE CONTENTS OF IT IS THE CONNECTION TO THE
C CURRENT ROW

0002 CIMENSION MC(NRlNTP),PHA(NR1,NTP)
0003 DIMENSION NFTS(64),NBKC16),NBP(16)

C COMPUTES THE NUMBER OF PORTS IN EACH BLOCK
0004 NROW=NRI-1
0005 PI=3.1415926536
0006 PI2ZPIi*2.
0001 NBP(NRI3=
0008 NTP2=NTP/2
0009 Do 10 I=1lNR1
O0tC 10 NBK(I)=NTPINBP(I)

C***. NFTS ARRAY STORES THE LOCATION OF THE SAMPLES IN EACH *EAM(OR
C FREQUENCY SAMPLE). THE STRUCTURE IS CHARACTERIZEO BY TWO NUMBERS,
C NTSNUMBER OF TIME SAMPLESCOR INPUT PORTS) AND NFS, NUMBER Of
C FREQUENCY SAMPLES(OR NUMBER Of BEANS). FOR EXAMPLE, WFTS((3-1)
C NTS+1) IS THE PHYSICAL LOCATION OF THE FIRST TIME SAMPLE IN THE
C THIRD FREQUENCY GROUP( OR OF THE THIRD BEAM),THIS IS REPRESENTED
C BY LMC
C
C SET THE INITIAL NFTS ARRAY

0011 00 11 I=lNTP
0012 11 NFTSCI)=I

C**** NTS1 IS THE PREVIOUS VALUES OF THE NUMBER OF TINE SAMPLESCOR INPUT
C PORTS)
C**** NTS2 1S THE CURRENT VALUE
Ct.*. NFS1 lS THE tREVIOUS VALUE OF THE IUWBER oF FREQUENCY SRwrLEStOR
C BEAMS)
C*****NFS2 IS THlE CURRFNT VALUE
C
C
C SET THE INIAL VALUES OF NTS AND NFS

001; NTS)=NTr
0014 NFSI=1
0015 DO 20 I=1,NR1

C NM THE NUMBER OF BLOCKS OF THE CURRENT ROW

34



NRL REPORT 8392

C NN, THE NUMBER OF PORTS IN EACH BLOCK OF THE CURRENT ROW
MM=NBK(I)
NN=NBP(I)

C SET NTS2 AND NFS2
NTSZ=RTSI/NN
NFS2=NTP/NTS2

C**** THE ACTUAL REQUIRED PHASE GRADIENT BETWEEN SUCCESSIVE ELEJ
C THE FIRST BEAM IS

PAG=PI/NFS2
C*** THAVAILABLE PHASE GRADIENT FOR THE FIRST BEAM IN EACH BLOd

PSG=PI/NN
KK=O
00 30 J=1,MF
fODJ=xMOCJNFSl)
IF(MOOJ.EQ.O)MODJ=NFSI
JJ=(J-1)/NFSt1+
PAGG=PAG(MCODJ*2-11)
PASGD=PSG-PAGG
00 30 K=1,NN
K1=K-1
KK=KK+l
LMC=(MODJ-1)*NTS1+(K-1)*NTS2+JJ
MCLOIC=NFTSCLMC)
MC( IMCLOC)=KK
IFCKK.LE.NTP2)GO TO 31
KKI=NTP-KK+1
PHACEKK)=PHA(I,KKI)
GO TO 30

31 IFCPASGO.GT.0.)GO Tf 32
PHA(I,KX)=ABS(PASGD)*(NN-K)
GO TO 30

32 PHACItKK)=PASGD*KI
30 CONTINUE

C RECORDING THE RREQUENCY SAMPLE OR BEAM POSITION INTO NFT'
NTS1=NTSZ
NFS I =NFS2
KK=O

C MNS IS THE NUMBER OF BLOCKS WITHIN EACH GROUP OF FREQUENC'
MNS=NM/NTS1
DO 40 J=lNFSI
JNOD=MOD(JNNS)
IF(JMCD.EQ.O )JMOD=MNS
JJ=CJ-1)IMRNS'!
00 40 K=lNTSl
KK=KK*1

40 NFTS(KK)=(K-1)*NPSl+(JMCOD-)*NN+JJ
20 CONTINUE

RETURN
rLin

.ENT FOR

IK IS

S ARRAY

, SAMPLES
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0001 SUBROUTINE FRAME(XNYMXSL4YSL,SYTitU4NXNY)
0002 COMMONICS1/PLTAY(500)
0003 TMST=Ym+SY
0004 HLAB=HNs.035
0005 HLAS=HLAB+.035
0006 WLA8=4.*HLABI7.
0007 XSCL=XSLXNX
0006 YSCLTYSL/SI
0009 DY-YMINY
O010 Y=SY

0011 NNY=NY+1
0012 CALL PLOTCO.,SY,3)
0013 CALL PLaT(XNST,2)
0014 CALL PLOT(xMYHST.2)
0015 CALL PLOT(0.,YMSY.2)
0016 CALL PLOTCO.,SY,2)
0017 D0 10 1=1.2
0018 Y=SY
0019 IFCI.GT.I)GO T1 12
002C Xl-O.
0021 XZ=-.2
0022 X3=-.1
0023 GO Te 13
0024 12 X1=XM
0025 X2=XK+.2
0026 X3=XN4.1
0027 13 90 10 JxlNNY
0026 CALL PLOTCX1,Y,3)
0029 NOOY=NOD(J-1,10)
0030 IFCMOOY.NE.0)GO To 11
0031 CALL PLOTCX29Y,2)
0032 IF(I.GT.1)GC TO 10
0033 A=YSCL*(J-1-NY)
0034 CALL hUflER(-6.5*WLABY-HLA2-t.,itLABA.0.,4IHP3.0)
e035 GO Ta 10
003e 11 CALL PLOTCX3,Y,2)
0037 10 1=1+*T
0038 OXX=XJNX
0035 NXX=NX+1
0040 80 20 1=1,2
0041 X-O.
0042 1F(I.GT.1)O TO 22
0043 Y1=SY
0044 Y2=Y1-.2
0045 Y3=V1-.1
0046 GO TO 23
0047 22 Y1=YTNY
0048 Y2=y1+.2
0049 Y3=Yl 4l
OCSC 23 DO 20 Nzl,NXX

0051 KK=K-l
0052 CALL PLlTCXYI,3)
005! POOX-pfl(KK,10)
0054 IF(MOOX.NE.0)GO TO 21
0055 CALL PLOT(XY2*2)
0056 IFCI.GT.1)GO TO 20
0057 A=KK*XSCL
O08E CALL 4USBER(X-2.5*WLASSY-HLAB*3.0,HLABAO.,AHF3.0)
0059 GO TO 20
0060 21 CALL PLOTCX,T3t2)
0061 20 X=X+OX

36



NRL REPORT 8392

0062 CALL SYM80L(.5*XM-17.5*WLA8-5.*,LAB+SYHLAS,22HPARARETER U IN DEG
CRE FS 0. . 22)

0063 35 CALL SYRtLt-7T.*WLAR.YM/2.+ST-15.*WLAB.HLAS.1SHARRAY PATTERN (DS).
'90. 018)

0064 32 CALL PLOTCO.,0.,3)
0065 END

0001 SUBROUTINE SINCX(IS.ORIGNNMATMCTANSLK)
C IDENT NURBER - F1002ROO
C TITLE - COMPLEX MATRIX INVERSION, SOLUTION OF LINEAR EQUATIONS
C IDENT NAME - F1-NRL-SIMCX
r LANGUAGE - FRTRAN
C COMPUTER - COC-3800
C CONTRIBUTOR - JANET P. MASON, CODE 7813, RESEARCH COMPUTATION
C CENTER, MIS DIVISION
C ORGANIZATION - NRL - NAVAL RESEARCH LABORATORY - WASHINGTON, D.C.
C 20390
C DATE - 16 DflECEMBR 1970
C PURPOSE - TO SOLVE THE COMPLEX MATRIX EQUATION AX=8 WHERE A IS A
C SQUARE COEFFICIENT MATRIX AND B IS A MATRIX OF CONSTANT
C VECTORS. THE DETERMINANT AND INVERSE OF A ARE ALSO
C OBTAINED.

0002 COMPLEX SUM, MAT,ORIGANSBQB2,B4,B6,B8tBZO,8h1,B13,815,CCCC2,0B
0003 EQUIVALENCECBZ.C).CCCCX).(CC2,CX2)
0004 DIMENSION MAT(MCT,1),ORIG(NN,1),ANS(MCT),C(2).CX(2),CX2(2)
0005 10 FORNATICX, 2E12.6)
0006 15 FORMAT(25I4 THIS MATRIX IS SINGULAR/)
0007 18 FORMATC1HO,' VALUE OF DETERMINANT IS 'v2E12.6,//)
0008 21 FORMATClX,2E 12.6.5XZE12.6)
0009 23 FORMAT(8XO'RIGINAL CONSTANTS'21XDERIVED CONSTANTS'/)
OciC 26 FORMAT(lH1,6X,'THE INVERSE (BY COLUMNS)')
0011 27 FORMAT(1HO)
0012 28 FORMAT(lHl,6X,'VALUES OF THE UNKNOWNS')
0013 35 FORNAT(9X.IOENTITY MATRIX')
0014 B3=(-1.0,0.0)
0015 84=(0.0,0.0)
0016 Bli=(1.0,0.O)
0017 ICT=MCT
0018 JSING=MCT
0019 MT=MCTt1
0020 NCT=MCT+MCT

C PUT ORIGINAL MATRIX INTO MAT
OOZI raF(;S.EQ.u)Gu TO 39
0022 ICT=MCT+IS
0023 NCT=ICT
0024 39 0D 2 J=l,ICT
0025 00 2 I=1MCT
002 MAT(IJ)=ORIG(IJ)
00A27 Z CONTINUE
0028 IF(IS.NE.0)GO TO 30

C PUT IDENTITY MATRIX INTO RIGHT HALF OF MAT
0029 31 DO 32 J=MT,NCT
0030 DO 32 I=lHCT
0031 32 PAT(I,J)=84
0032 nD 33 J=1.NrT
0033 33 MAT(JJ+PCT)=83

C FORM TRIANGULARIZED MATRIX
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0034 30 JCT=NCT-1
0035 00 3 J=1.JCT
0036 KK-Jtl
0037 card 25
0038 24 DO 4 K=KKMCT
0039 B8z=AT(XJ)INAT(JJ)
0040 DO 5 LwJNCT
0041 810=B8*MATCJt)
0042 4 MAT(KL)=NATCXvt)-210
0043 4 CONTINUE

C VALUE OF DETERMINANT
0044 3 Bh1=Bll*ftAT(JJ)
0045 B1I=B11*MATCMCTMCT)
0046 LOW=-MCT
0047 MO=-l

C TO 00 ONE OR MORE BACK SOLUTIONS
0048 00 6 MINCsNT.NCT
0049 JFIN=PCT
0050 IX=O

C HACK SOLUTION
0051 Da 6 INM=LOWMO
0052 AzIA85(INM)
0053 BO=-MAT(FMINC)
0054 B2MMATCM,")
0055 e4=(o.o0,.0)
0056 IF(IX) 712297
0057 22 IX=IX+1
0058 GOTO 8
0059 7 MOZ=-JFIN
0060 DO 9 INN=LOWNN2
0061 N=IABS(INN)
0062 9 B4=I4tMAT(NN)*NAT(N.NljC)
0063 50=3Q-84
0064 JFIN=JFIN-I
0065 8 IF(C(1).EQ.O.0.ANO.C(Z).EQ.0.0)G0 TO 13
0066 29 !ATC,MINC)=BO8/B2
0067 ANS(M)=BOB2
0068 6 CONTINUE
006g5 00 40 J=MTNCT
07 jJ=J-NCT
0071 Do 40 I=1,MCT
0072 40 ORIGCIJJ)=NAT(IJ)
0073 IF(LK.GI.0)RETURN
0074 IF(IS.EQ.O)GO TO 34
0075 GO TO 41

C CHECK FOR ;;Nv;ULARITY AND TO SEE IF FIRST TERN = 0
0076 25 JVYJ
0077 CC=MAT(J,J)
0078 IF(CX(1).NE.o0.0.R. CX(Z).NE.o.O)GO TO 12
OCTS 11 IF(JV.NE.JSING)GO TO 14
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13 PRINTI5
PRINT lOO,JCMAT(KJ),K=1,MCT)

100 FORMAT(1OXI5,8F10 .4)
PR[NT 21,((MATCIJ),I=l.MCT),JzlMCT)
RETURN

14 JV=JV+*
CC7=MT(JV ,J)
IF(CX2(I).EQ.O.O.ANO.CX2(2).EQ.O.O)GO TO 11

16 DO 17 JJ=JNCT
B6=MATEJ.JJ)
MAT(JJJ)=MATCJVJJ)

17 MATCJVJJ)=B6
811=-B 1 l

12 CONTINUE
GOTO 24

C PRINT SUBSTITUTIONS BACK INTO ORIGINAL MATRIX
45 00 20 NNV=1,IS

PRINT 27
44 PRINT23

DO 20 LL=1,MCT
B13=(0.0,0.0)
4u £7 fl=If 9CT

19 B13=ORIG(LLMM)*MAT(MMMCTfNNV)+813
815=-ORIGCLLMCT+NNV)
PRINT2,B15,B013

20 CONTINUE
RETURN

C PRINT TITLE - THE INVERSE
34 PRINT 26

GO TO 43
C PRINT TITLE - VALUES OF UNKNOWNS

41 PRINT 28
43 Do 38 JJ=MTNCT

PRINT 27
00 38 11=1,MCT

38 PRINT 10, MAT(II,JJ)
C PRINT VALUE OF DETERMINANT

PRINT 18.811
IF(IS.NE.O)GO TO 45

C PRINT IDENTITY MATRIX
PRINT 35
00 36 K=1,MCT
PRINT 27
DO 36 I=19,CT
SUM=(0.0,0.0)
DO 37 J=1,MCT

37 SUM=ORIG(KJ)*MAT(JMCT+l)+sUM
36 PRINT 10,SUR

RETURN
END
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0001 SUBROUTINE BLK(f4MNNSllI.S12 ,S21.SZ2)
0002 DlENSION NP{16),NBK(16)
0003 DIMENSION MC(8,16),PHA(8,16)
0004 DIMENSION SliCNNNN),Si2(NNNN),ltNNNu,,ztNN NM)
0005 CONMUN/CSSITlI(8 8),Tl2(8,.8T21(8.)ST2288),SRIl(81)hR12(8.8).

C R2Z1(8,8),R22(8,8¾S)PACEC7168)
0006 COMPLEX S1l1512.S21.522
0007 COMPLEX TllT12,T21,T22,RllR12,R21.RZ2
0008 TF(NN.GT.2)GO TO I
uOOS CALL uwurIflieflCwC~i22wfll
0010 RETURN
0011 1 11=0
0012 NZ=NN
0013 3 N2=N2/2
0014 IF(N2*LE.0)GO TO 2

I~~~~ 

0016 GO TO 3
0017 2 DO 10 I=III
0018 10 NBP(I)=2
0019 11=111+
0020 CALL NTWK(NN,tI,NBPNBKMCPHA)
00A2l CALL STRFDCNtiNNMiuIDSuP;Br.onC;PHA;S!ft!2tS271.Z2)
0022 RETURN
0023 END

0001 SUBROUTINE TNVSl(NMNNS12)
0002 COM4ON/CS55A1A(32),T(32.64),SPACE(4032)
0003 DIMENSION 512(NMNM)
0004 CSMPLFX Al1T.S12
0005 CALL SIMCX(0,S12,NNTNNAll)
0006 RETURN
0001 ENO

0001 SUBROUTINE INVS2(NRNN,S12)
0002 COMMON/C$S/A1(8),T(8u16),SPACE(7920)
0003 DIMENSION SI2CNMMN)
0004 COMPLEX Al,TS12
0005 CALL SIMCX(0,512,NM,T,NMAI,1)
O0OQ RETURN
0007 END
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0001 SUBROUTINE TWOPT (S1LS1ZS21,522,M)
0002 DIMENSION Sll(MsM),S12CMM),S21(MM).S22(MM)
0003 COMPLEX S11,S12,S21,S22
0004 COMMONfC4$As,8CD
0005 BCD=B*CtD
0006 IF(BCD.GT.O.)GO TO 1
0002 AR=lO.**C-A*.05)
0008 IF(A.LE.O.)ARsO.
0009 f1=SQRT(.5-AR*AR)
cOlt A2=SORTC.5-AR*AR)
0011 d1=AR
0012 92=AR
0013 GO TO 2
0014 1 BlzlO.**(-A*.05)
0015 IFCA.LE.0.)Bl=O.
0016 82=10.*.(-8*.05)
0017 IF(B.LE.0.)B2O.
0Ole A1l1O.**(-C*.O5)
0019 A2=10.**(-D*.05)
0020 2 S11(1l1)=81*CMPLX(0.-l.)
0021 511(2,2)=B1*CWPLXCO..-1.)
0022 522(I.l)=B1*CMPLX(0 ,-1.)
0023 S22(2,2)=B1*CMPLXCO0.-1.)
0024 Sll(12)=82*CMPLX(-1.,0.)
0025 Sl1C2,1)=82*CMPLX(-l.0.)
0026 S22(1,2)=B2*CMPLX(-1.,0.)
0027 522(21l)=B2*CMPLX(-1.0.)
0028 S12C(19l)=A*CMPLX(1..0.)
0029 S12(2,2)=A1*CMPLX(1.0O.)
003C 521(1C1)=AI*CMPLX(C1. 0.)
0031 521C2,2)=Al*CMPLXC1.,o.)
0032 S12(1,2)=A2*CMPLX(0..-1.)
0033 S1Z(2,1)=A2*CMPLXCO. ,-1.)
0034 S21(1,2)=A2*CmPLX(0.,-1.)
0035 S21(2.I)=A2*CMPLX(0..-1.)
0036 RETURN
0037 END
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SHELTON AND HSIAO

0001 SUBROUTINE TRT(NTPTRFFPLLNMX)
0002 COMMON/C56/APNT(32,32),ANGLC3Z,32),ANGT(32),TRIDC32,32),SPACE(4064

4)
0003 CINENSION TRFF(NNX,NMX)
0004 COMPLEX TRFFTRIO
0005 IFCLt.GT4O)GO TO 1
0006 0o 10 IfINTP
0007 DO 10 J=l,NTP
0008 10 TRID(I.J)WTRFF(IJ)
0009 RETURN
0010 1 00 20 I=1,NTP
0011 Be 20 Jz1.NTP
0012 20 TRFF(I,J)WTRID(IJ)
0013 RETURN
0014 END

0001 SUBROUTINE TRFIDL(NTP)
0002 COMMONI/C$6AMPT(32.32),SNGL(32,32),ANGTC32)oRFF2C32,32), TRC3232

C),SUMR(2016)
0003 COMPLEX TRFF2.TR
0004 PI=3.1415926536
0005 P12=P1I*Z.
0006 RTA=180./PI
0001 A=SQRT(1.INTP)
0008 P=-PI/NTP
0009 00 10 I=1,NTP
0010 PP=(I-I)*P
O011 PR=P*(I-.5)*2.

0012 0e 10 J=1,NTP
0013 PP=AMtD(PP,P12)
0014 RE=A*COS(PP)
0015 RI=A*SIN(PP)
0016 TRFF2(IJ)=CNPLXCRERTI)
001? APT(IJ)=A
0018 ANGL(IJ)=PP*RTA
0019 10 PP=PP+PR
0020 RETURN
0021 ENO

0001 SUBROUTINE PHASAN (TAINCI)
0002 COgMON/C$6/C5NTA(4096)PSINTA(4096)
0003 PI=3.1415926536
0004 PI2=PI*2.
O000 tA=O
0006 1=0
0007 1 1=1+1
0008 CONTA(l)=CoS(TA)
0009 SINTA(I)=SIN(TA)
0010 TA=TA+TAINC
0011 IF(TA.GE.PI2)RETURN
0012 GO TO 1
0013 END
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NRL REPORT 8392

0001 COMPLEX FUNCTION ARCAUG)
0002 AMP=l.
0003 AG=AUG
0004 RE-AMP*COSCAG)
0005 RI=AMP*SINCAG)
0006 AR=CNPLX(RERl)
0007 RETURN
0008 END

0001 FUNCTION CANGCSR)
0002 COMPLEX SR
0003 AI=REAL(SR)
0004 AZ=AIMAG(SR)
0005 CANG=ATAN2(A2,Al)
0006 RETURN
0001 END
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